We demonstrate theoretically the coexistence of Dirac semimetal and topological insulator phases in InSb/α-Sn conventional semiconductor superlattices, based on advanced first-principles calculations combined with low-energy k · p theory. By proper interfaces designing, a large interface polarization emerges when the growth direction is chosen along [111]. Such an intrinsic polarized electrostatic field reduces band gap largely and invert the band structure finally, leading to emerge of the topological Dirac semimetal phase with a pair of Dirac nodes appearing along the (111) crystallographic direction near the Γ point. The surface states and Fermi arc are clearly observed in (100) projected surface. In addition, we also find a two-dimensional topological insulator phase with large nontrivial band gap approaching 70 meV, which make it possible to observe the quantum spin Hall effect at room temperature. Our proposal paves a way to realize topological nontrivial phases coexisted in conventional semiconductor superlattices by proper interface designing.
Band topology of solids has attracted intensive and broad interest in the past decade due to the discovery of twodimensional (2D) and three-dimensional (3D) topological insulators. Topological insulators posses a bulk gap and gapless boundary states protected by the topology of bulk energy bands. These materials have been intensively investigated both theoretically and experimentally in recent years because of symmetry-protected dissipationless transport property [1] [2] [3] [4] [5] . The massless fermions emerge in topological insulator edges/surfaces [3, 6] , and topological Dirac and Weyl semimetals [7] [8] [9] [10] . Among the distinct topological nontrivial phases, Dirac semimetals are of particular interests, because the Dirac semimetals can be selectively driven into other topological nontrivial phases such as topological insulators and Weyl semimetals by specific symmetry breaking e.g., inversion symmetry or time-reversal symmetry. Up to date, various principles have been proposed to search and classify Dirac semimetals protected by certain symmetry [11, 12] , and limited candidates such as A 3 Bi(A=Na,K,Rb), Cd 3 As 2 have been found [13, 14] . For deepening understanding of transitions between distinct topological nontrivial phases and broadening the application horizon of the topological phases, it is highly desirable to construct topological insulators, Weyl and Dirac semimetals by artificial designing in conventional semiconductors. The early attempts to design topological insulator phase in semiconductors were firstly proposed in the GaN/InN/GaN [15] and later in GaAs/Ge/GaAs [16] quantum wells (QWs) utilizing interface engineering. Recently, a few experimental groups observe such huge interface electric field [17, 18] and the signature of topological phase [19] . Recent theoretical works also prove this interface polarization induced topological insulator phases in other systems [20] [21] [22] .
In this work, we demonstrate theoretically that the Dirac semimetal phase can emerge in InSb/α-Sn semiconductor su-perlattices (SLs). α-Sn is a well-known semimetal [23, 24] because the s-like Γ 6c band is lower than the p-like Γ 8v band due to the relativistic mass-Darwin effect. α-Sn can be tuned to be topological insulators by applying external strain [25, 26] . However, ARPES and spin-resolved transport measurements reveal that the Dirac-cones of the systems are buried below the Fermi surface about 100 meV [26] . The zinc-blende InSb is a semiconductor with a direct narrow bandgap located at Γ point, and the lattice mismatch between InSb (6.480Å) and α-Sn (6.489Å) is about 0.14%. Such a small lattice mismatch can effectively decrease defects, vacancies, and dislocations on the interfaces, and make InSb a perfect partner to resemble heterostructures with α-Sn. Fig. 1 shows the superlattices consisted of atomically-thin InSb and α-Sn layers stacked periodically along the [111] direction of the zinc-blende bulk materials. There is a huge intrinsic polarized electric field arising from opposite charge accumulations at adjacent interfaces. This electric field can reduce the bandgap significantly and generate a strong Rashba spin-orbital coupling (SOC) effect. This field also depends sensitively on the thicknesses of α-Sn and InSb layers. For the thick InSb layer, the polarized electric field decreases rapidly and the electron wave functions in each α-Sn layers are decoupled and are isolated completely, in analogy to a single QW case, as illustrated as in Fig. 1(a) and (b) . As the thickness of the InSb layers decreases, the overlapping of adjacent α-Sn layers is no longer negligible and the energy dispersions along k z direction cannot be neglected, see Fig. 1(d) .
In order to investigate the band structures of InSb/α-Sn superlattices, we adopted the advanced first-principle calculation [28] performed by the Vienna ab initio Simulation Package (VASP) [29] with the local density approximation (LDA) [30] . The electron-ion interaction is described by pseudopotentials that are generated within the projectoraugmented wave (PAW) method [31] . A plane wave basis set with a kinetic energy cutoff of 560 eV for bulk calculations and the superlattices is used. For bulk Brillouin-zone integrations, a mesh of 11×11×11 Γ-centered k points are used [32] . For the thick SLs case, we use the Γ-centered Monkhorst-Pack scheme to sample the Brillouin zone, and the mesh of k-point sampling is 7×7×3. The convergence criterion of the selfconsistency process is set to be 10 −6 eV. Since the accuracy of the band gap is particular importance in our study, we applied Tran-Blaha method with the modified Becke-Johnson (MBJ) semilocal exchange functional, named MBJLDA method [33] to correct the underestimations of bandgap from traditional DFT-LDA. The method has been proved successful and effective in many zinc-blende compounds [34, 35] and in our cases (see Supplementary Part I[36]), we find the equally setting parameter CMBJ=1.200 for InSb and α-Sn could produce reliable band gaps for bulk materials and heterostures. Moreover, to capture topological phase transitions in the heterostructures, the SOC effects are taken into accounts in all the calculations.
First, we calculate the electronic structures of InSb/α-Sn SLs with thick InSb layers, to ensure isolation between electrons in adjacent layers, modeled by supercells consisting of 12 atomic bilayers. In order to understand the evolution of the electronic structures, we shows the energy spectra for different α-Sn bilayers (N=1,2,3) in Figs. 2 (b)-(d) , respectively. Considering the different atom bondings at the upper and lower interfaces in the InSb/α-Sn superlattice structures shown in Fig.  1(a) , Sn-Sb bonds at the upper interface and Sn-In bonds at the lower interface, negative and positive charges accumulate at upper and lower interfaces due to the charge transfer be- tween Sn and Sb (In) atoms, respectively and create an intrinsic polarized electric field crossing the α-Sn layers. From Fig.  2(a) , one can find out that the polarized field can be as large as 11.2 MV/cm when there is only one bilayer Sn sandwiched in two adjacent thick InSb layers and decreases rapidly to 4.8 MV/cm for six Sn bilayers due to the charge transfer in the adjacent interfaces. At the same time, the increasing of the thickness of α-Sn weakens the quantum confinement effect dramatically, as a consequence, from Fig. 2(b) , one can see that the quantum confinement effect is so strong that the QW system possesses a normal band order and a trivial band gap about 100 meV even under such a huge electric field (11.2 MV/cm). When the thickness of the Sn layers increases to 3 bilayers, as illustrated in Fig. 2(d) , the polarized electric field play a dominant role, the conduction and valence bands are inverted with a nontrivial band gap as large as 70 meV, which means the quantum spin Hall effect in such systems can be observed at room temperature. This nontrivial gap is much larger than the nontrivial gaps in HgTe QWs (about 10meV) and InAs/GaSb QWs (about 5meV). This topological insulator phase transition occurs because of i) the decrease of band gap caused by the interface polarized electric field; and ii) the strong intrinsic SOC in α-Sn (∆ S O = 0.7 eV) layers and InSb (∆ S O = 0.8 eV) layers. Fig. 2(c) indicates the critical thickness of α-Sn layer for the topological insulator phase transition. In the electronic structures of a single α-Sn bilayer sandwiched by thick InSb layers. A single four-fold degenerated Dirac point emerges locating rightly at the Fermi energy, which can be viewed as a a 3D Dirac semimetal with anisotropic energy dispersion as an analogue to its 3D counterpart observed in HgCdTe semiconductor [37] . This 2D Kane fermion system bridges the topological insulator phase and trivial insulator phase. The 2D Kane Fermion can maintain a 3D Dirac semimetal with anisotropic energy dispersion, e.g., quantum well case (see the on-line supplemental material, Part II[36]). Next, we turn to search a topological Dirac semimetal phase in InSb/α-Sn superlattices. We calculate the band structures of a series of short-period InSb/α-Sn superlattices. Considering the shortest superlattice consisting of 3 atomic bilayers, in which two bilayers of α-Sn are sandwiched by one bilayer InSb to take full advantage of polarized field and the quantum confinement effect, the first-principles calculation including the SOC reveals the SL is a semimetal. Fig. 3(a) shows the band structures is gapless in the vicinity of the Fermi energy in the full Brillouin zone. The highlighted regions in Fig. 3(a) are amplified in Figs. 3 (b) and (c), respectively. Fig. 3(b) clearly depicts a nontrivial band gap opening, i.e., the TI phase, just the same as in Fig. 2(d) , but with a smaller gap. More importantly, in Fig 3(c) , a pair of Dirac points emerge at time-reversal points along the k z axis in vicinity of Γ point. The two touching points possessing linear dispersions and keeping unaffected in presence of SOC in companion with nontrivial Z 2 index indicate Dirac semimetal phase in the superlattice. The topological indices of the InSb/α-Sn superlattices are calculated by study of the evolution of the Wannier charge centers (WCCs) in k z =0 and k z = π twodimensional subsystems explicitly [38, 39] , see Fig.4 . The superlattice is topologically nontrivial since the number of transitions of WCC remains odd with respect to arbitrary reference lines. Furthermore, the calculation of the Fermi surface and surface states are performed to confirm the Dirac semimetal phase. We consider that a InSb/α-Sn SL can be cleaved along a certain crystallographic plane, forming a semi-infinite slab, a tight-binding Hamiltonian was obtained with maximally localized Wannier function (MLWF) [40, 41] derivated from the first-principles calculations. The surface Green's function of the semi-infinite slab was constructed from the tight-binding Hamiltonian via iterative methods [42, 43] , whose imaginary part corresponds to the local density of states (LDOS) at the surface.
If the InSb/α-Sn superlattices are cleaved along (100) crystallographic surface, the energy dispersions of the bulk and surface states in the full Brillouin zone (see Fig. 5(b) ) are projected to a 2D Brillouin zone (see Fig. 5 (a) ). One can clearly see a Fermi loop in Fig. 5(c) , which is composed of two halfcircle Fermi arcs connected by two singular points which are corresponding to Dirac points in bulk band structure of the superlattice. The spin texture is superposed on the Fermi loop by analysis of the local spin density and suggests the chirality of the Fermi loop. In addition, the dissipationless surface states are shown in Fig. 5(b) . The dissipationless surface states in companion with the Fermi loop are typical fingerprints of 3D topological Dirac semimetals.
To capture the essential physics of the Dirac semimetal phase, we deviated a low-energy effective k · p Hamiltonian. Since the first-principles calculation unveil that, the low energy states mainly origin from s and p orbital with two different angular momentum J = invariants [44] , the effective 4 × 4 Hamiltonian around Γ point reads
The Hamiltonian take very similar form as the model Hamiltonian for topological insulators with new off-diagonal elements. The terms B ± (k) containing the high order contribution (αk z ± βR) k 
take minus signs to demonstrate the band inversion. From Fig. 6 , one can find out that, the energy dispersions calculated from the effective k · p Hamiltonian are in good agreement with the first-principles calculations in vicinity of the Γ point. Each fourfold degenerated Dirac point is created by band inversion, and can be classified as topological Dirac semimetals created by band inversion in previous work [11] . The topological Dirac semimetal phase can be widely maintained in InSb/α-Sn superlattices (see Supplementary Part III). In summary, we studied systematically the electronic structures of InSb/α-Sn superlattices. The first-principles calculations reveal the coexistence of topological insulator phase and 3D topological Dirac semimetal phases with a large nontrivial gap (70 meV) in the conventional semiconductor InSb/α-Sn superlattice by utilizing polarized interfaces therein, and the topological phases could be tuned by well-developed semiconductor growth techniques. Our proposal paves a way to design topological nontrivial phases in semiconductor materials and provides a unified platform to observe topological phase transitions at room temperature. 
